In a previous publication the extraordinary tolerance of the newborn of various species to anoxia was described (1). Mature animals succumb after breathing undiluted nitrogen for approximately 3 minutes while the average values for newborn animals are: rats, 50 minutes; cats, 25 minutes; dogs, 23 minutes; rabbits, 17 minutes; and guinea pigs, 7 minutes.
In a previous publication the extraordinary tolerance of the newborn of various species to anoxia was described (1) . Mature animals succumb after breathing undiluted nitrogen for approximately 3 minutes while the average values for newborn animals are: rats, 50 minutes; cats, 25 minutes; dogs, 23 minutes; rabbits, 17 minutes; and guinea pigs, 7 minutes.
Various factors permitting this prolonged survival were discussed.
These include a, degree of development at the time of birth, i.e., the guinea pig is more advanced than the rat; b, rate of cerebral metabolism which is lower in the infant than in the adult, and c, anaerobic sources of energy.
The last of these factors is the subject of the present investigation.
It is well established that the process of glycolysis may afford energy.
The anaerobic breakdown of carbohydrate with a release of energy occurs in the series of transformations; glucose phosphate --+ triose phosphate + phosphoglyceric acid -+ pyruvic acid -+ lactic acid. These changes are ininhibited by fluoride at phosphoglyceric acid and by iodoacetate at triose phosphate.
IYIETH~D.
As in the previous study, animals were placed in a jar in which nitrogen was substituted for air. Sodium iodoacetate, 0.18 mgm. per gram or sodium fluoride, 0.5 mgm. per gram, was injected subcutaneously.
Both the carbohydrat,e stores and the level of the blood sugar were altered in different experiments, hypoglycemia being induced by the injection of insulin and hyperglycemia by the intraperitoneal injection of glucose. The lactic acid contents of the brain and of the whole animal were determined before and after exposure to nitrogen.
Some of the animals were injected with iodoacetate and others served as controls.
To stop glycolysis the isolated head or whole body was rapidly frozen in dry ice and ether.
The frozen material was then triturated in a solution of 2 per cent iodoacetate and the lactic acid contents of the tissues and t/he suspending fluid were estimated by the method of Friedemann, Cotonio and Shaffer (2) .
In order to dissociate t,he effects on brain from those on other organs, newborn rats were decapitated (3) and the duration of the gasping reflex of the isolated head determined. Iodoacetate or fluoride was injected in other newborns before decapitation and the effects of these drugs on the gasping reflex were studied. The influence of these drugs on the duration of life was observed in animals injected with the same amount of iodoacetate or fluoride,but not decapitated. Comparative studies were made in an atmosphere of 5 per cent COz in N2 and the CO2 released by the newly formed lactic acid was measured in the Warburg apparatus.
Cerebral tissues excised from newborn and adult rats were used for these studies.
RESULTS.
The concentrations of iodoacetate and fluoride used permitted survival of the newborn rats for approximately 50 minutes when breathing air (table 1) . Other rats injected with these same inhibitors and respiring nitrogen lived on an average 3 minutes with iodoacetate, and 16 minutes with fluoride before they succumbed in rigor.
The effects of the same dosage of these drugs on the duration of the gasping reflex of the isolated head are included in table 1. It may be seen that the gasping period is shortened by previous injection of either iodoacetate or fluoride. Table 2 presents the increase in lactic acid contents of the animals that survived in nitrogen for 50 minutes.
Those animals injected with iodoacetate succumbed with no increase of lactic acid. Each value represents the average of 9 observations. In table 3 are disclosed the increases of lactic acid in the brain of newborn rats subjected to nitrogen.
The observations on glycolysis of the excised cerebral tissues yielded an average value of 215 cu. mm. of carbon dioxide or 0.86 mgm. of lactic acid per 100 mgm. of tissue in 27 experiments on adults.
The average of 26 experiments on newborns was 100 cu. mm. of carbon dioxide or 0.4 mgm. of lactic acid per 100 mgm. of tissue per hour. Table 4 reveals the effects of hyperglycemia and hypoglycemia on the survival time in nitrogen. DISCUSSION. The results of these experiments stress the importance of carbohydrate as an anaerobic source of energy for the young. The general increase of lactic acid in the body is the resultant of the anaerobic cleavage of carbohydrate in the various parts; striated and cardiac muscle, brain and other organs with the probable exception of the liver.
The rise of lactic acid (table 3) in the brain is due only in part to diffusion from the blood. A portion of the cerebral lactic acid is produced by the anaerobic splitting of carbohydrate in that organ.
As shown by Holmes and Holmes (4) the concentration of cerebral lactic acid developed under anaerobic conditions is proportional with the level of blood sugar and the latter is increased as a result of glycogenolysis in the liver. A portion of the lactic acid may be a result of the breakdown of brain glycogen.
If carbohydrate is important as an anaerobic source of energy, alterations in the amount of this substance should change the survival period.
In those experiments in which the carbohydrate stores of the body were raised by the intraperitoneal injection of glucose, the increased duration of survival may be at- for the shorter period of 16 minutes of anoxia, and excessive hyperglycemia, too prolonged, results in convulsions and death. The longer survival of newborn rats affords the best opportunity to study a decrease in this period. When animals were subjected to hypoglycemia and anoxia, the duration of the anaerobic survival was shortened (5). Many other workers have studied the simultaneous effects of hypoxia and alterations of blood sugar level in mature animals and men. A synergistic action of hypoglycemia and anoxia has been emphasized by Gellhorn (6) . McFarland and Forbes (7) also reported that the administration of sugar may overcome, to some extent, the visual disabilities produced by anoxia, while hypoglycemia may accentuate them.
The experiments with iodoacetate and fluoride demonstrate the importance of carbohydrate as an anaerobic source of energy (8) . Concentrations of these drugs adequate to inhibit glycolysis shorten the survival period when the infants are placed in an atmosphere of nitrogen, but nevertheless permit life in air for a considerable time.
The experiments on the duration of the gasping reflex reveal that both iodoacetate and fluoride exert an inhibitory effect on the anaerobic processes which produce the energy necessary for gasping.
The results obtained with the isolated head are not influenced secondarily by changes of other parts of the body. For example, after administration either of iodoacetate or fluoride and exposure to nitrogen the heart stops practically simultaneously with respiration. Without these inhibitors the heart continues beating for some time after respiration has ceased.
From a great volume of previous work it has been disclosed that the brain is a limiting factor in tolerance to anoxia.
The infant possesses a rate of cerebral metabolism and oxygen utilization lower than that of the adult (9, 10, 11) thus requiring a smaller amount of energy for the maintenance of function alnd life. Observations in which the metabolic rate was raised by increasing the environmental temperature of the poikilothermic newborn rats from 24" to 34" disclosed a shorter anoxic survival period.
This increase in temperature must necessarily raise the requirements of the brain. The rate of glycolysis (12) is increased at the higher temperatures.
This augmented glycolysis causes a a more rapid utilization of the available carbohydrate.
Experiments, in which glycolysis was studied in adult and infant excised cerebral tissues at a temperature of 38°C demonstrated a much lower rate in the infant.
This low metabolism, however, is adequate to maintain the lesser requirements of the infant brain as evidenced by the continued function of the respiratory centers in the absence of oxygen. It should be mentioned, however, that in the adult neither lowering the metabolic rate by freezing nor raising the carbohydrate stores by the injection of glucose alters significantly the short survival period in nitrogen.
SUMMARY
The importance of carbohydrate as an anaerobic store of energy has been studied in the newborn rat. This slow rate appears adequate to support the lower metabolic demands of the infant brain for a considerable period in the absence of oxygen.
